Aortic complicated lesions (ACLs) should be associated with cerebral infarction. Our aim was to develop a simple clinical scale (ACL scale) to predict the presence of ACL. Consecutive stroke patients undergoing transesophageal echocardiogram (TEE) examination were prospectively enrolled. We defined ACL as the presence of 44 mm wall thickness, ulceration or mobile plaque in aortic arch. We also examined carotid intima-media thickness (IMT), ankle-brachial index (ABI) and brachial-ankle pulse-wave velocity (baPWV). We compared the clinical characteristics of patients with ACL (ACL group) and without ACL (non-ACL group), and devised a new ACL scale to predict the presence of ACL. In all, 165 patients (male 108, age 66.9 years) were enrolled and of these, 38% had ACL. The patients of the ACL group were older than those of the non-ACL group (73.0±10.2 vs. 63.1±13.6 years, P¼0.001). Peripheral artery disease (PAD) was more frequent in the ACL group (18 vs. 4%, P¼0.004). IMT was thicker in ACL group than in the non-ACL group (1.29 ± 0.74 vs. 1.11 ± 0.79 mm, P¼0.002), and baPWV was higher in the ACL group (2164.2 ± 643.2 vs. 1833.7 ± 492.9 cm s À1 , P¼0.001). We used three variables for determining the ACL scale score; (1) age 470, (2) presence of PAD and (3) smoking. The frequencies of ACL associated with ACL scale scores were as follows: 6% of patients with ACL scale score 0, 40% with score 1, 58% with score 2 and 100% with score 3. The ACL scale can predict the presence of aortic complicated lesions.
INTRODUCTION
Aortic complicated lesions (ACLs), which are generally evaluated using transesophageal echocardiography (TEE), appear to contribute to the occurrence of embolic stroke. Several investigations [1] [2] [3] [4] [5] have indicated that ACLs should be estimated in patients with stroke of unknown etiology. In the general population aged 45 years or older, 25.6% of the subjects had atherosclerosis in the aortic arch. 6 It has been reported that factors associated with ACL include age, 1,7 cigarette smoking, 1, 8, 9 hypertension, 10 diabetes mellitus 11 and coronary artery disease. 12, 13 Less invasive methods have recently been developed to examine systemic atherosclerosis. Brachial-ankle pulse-wave velocity (baPWV) can be used to measure aortic stiffness, 14, 15 and peripheral arterial disease (PAD) can be diagnosed using the ankle-brachial index (ABI). 16 Carotid intima-media thickness (IMT), as shown by duplex carotid ultrasonography, has been one of the most commonly used measurements in the last decade. 17, 18 As regards the relationship between ACL and atherosclerotic markers evaluated by these devices, aortic PWV and carotid IMT were individually reported to be correlated with the presence of ACL. 15 Our aim was to examine the associations between generalized atherosclerotic markers including carotid IMT, PWV, ABI and ACL, in stroke patients, and to devise a simple scale to predict the presence of ACL.
METHODS

Study population and vascular risk factors
From October 2006 to June 2007, we prospectively enrolled consecutive stroke patients who were examined for the presence of ACL using TEE. We included patients with old and acute cerebral infarction. We assessed the following vascular risk factors: (1) hypertension, defined as a history of the use of antihypertensive agents, a systolic blood pressure 4140 mm Hg or diastolic blood pressure 490 mm Hg; (2) diabetes mellitus, defined as the use of oral hypoglycemic agents or insulin, a fasting blood glucose level 4126 mg dl À1 or casual blood glucose level X200 mg dl À1 ; (3) hyperlipidemia, defined as the use of antihyperlipidemic agents or a serum cholesterol level 4220 mg dl À1 ; (4) current smoking status; (5) history of alcohol consumption was obtained; (6) coronary artery disease was defined as a history of angina pectoris or myocardial infarction; (7) PAD, defined as a history of the treatment of PAD with intermittent claudication and (8) stroke subtype, determined according to the Trial of Org 10172 in Acute Stroke Treatment (TOAST) criteria. 19 
Clinical protocol
We carried out routine blood biochemistry examinations, blood count, ECG and radiography of the chest, and measured the IMT of the common carotid artery on admission. TEE was performed to detect sources of embolus, thrombus in the left-atrial appendage and ACL. We measured ABI and baPWV within 2 days before or after TEE.
Ultrasound TEE
TEE was performed using the HDI 5000 (Philips Medical Systems, Bothell, WA, USA) with a 4-7 MHz wideband multiplane probe. All the patients were awake and were given no premedication. We sprayed Lidocaine (Astra Zeneca, Osaka, Japan) into the pharynx. The probe was advanced to the distal esophagus and withdrawn slowly to a location about 25 cm from the incisors. We observed the aortic arch in both transverse and sagittal views. Plaque thickness was defined as intima-media thickness (IMT) of the walls at the aortic arch in transverse view. We evaluated maximum IMT at the arch. We defined aortic complicated lesions (ACL) as the presence of 44 mm thickness of maximum IMT, ulceration mobile plaque. The examinations were performed by experienced sonographers (YT, YO and NM) and recorded on a super VHS videotape. TEE findings were reviewed by experienced sonographers (YT and NM), who were blinded to the clinical data. We divided all patients into two groups: those with ACL (ACL group) and those without ACL (non-ACL group).
Carotid duplex ultrasonography studies were performed using the HDI 5000 (Philips Medical Systems) with a 7-12 MHz linear-array probe. We evaluated atherosclerosis of the common carotid arteries (CCAs), the carotid bifurcations and the proximal internal carotid artery (ICA). When an optimal longitudinal image of the CCA was obtained, it was frozen and stored on the VHS videotape. We assessed the maximum IMT, as reported earlier. 18 Maximum IMT of the CCA was defined as the single thickest region of the near and far walls of the right or left CCA.
PWV, ABI
ABI and baPWV were measured using a volume-plethysmographic apparatus (FORM PWV/ABI; Omlon, Colin, Bunkyo-ku, Tokyo, Japan) within 2 days before or after TEE. The patients were examined in the supine position, with electrocardiographic electrodes placed on both wrists, a microphone for detecting heart sounds placed on the left edge of the sternum, and cuffs wrapped on both the brachia and ankles. The method used has been described in detail elsewhere. 14, 20 After ABI and baPWV examinations had been performed on both the right and left sides, we chose the lower ABI and higher baPWV for use in statistical analysis. We defined PAD for this purpose as the lowest ABI below 0.9. 16 
Analysis
Values are presented as mean and s.d. for continuous variables, and as absolute and relative frequencies for categorical variables. Univariate analysis was performed using Fisher's exact test for categorical variables and the Mann-Whitney U test for continuous variables. As variables identified from univariate analysis at Po0.2 were considered explanatory variables, we also carried out multivariate logistic-regression analysis to determine factors independently associated with the presence of ACL. The cut-off values for age, PWV, IMT, creatinine and fibrinogen were determined by receiver operated characateristic curves. SPSS software (SPSS Inc., Chicago, IL, USA) was used for statistical analysis, with P-values o0.05 considered significant.
RESULTS
From October 2006 to June 2007, 380 stroke patients visited our hospital. There were 71 patients (19%) with cerebral hemorrhage, 261 (69%) with cerebral infarction and 48 (12%) with transient ischemic attack (TIA). Of them, we performed TEE on 200 (65%) patients. We excluded 35 patients for the following reasons: (1) 10 patients owing to agitation due to difficulty in swallowing, (2) eight patients owing to atrial fibrillation with variability in R-R interval too large for examination of PWV, (3) five patients owing to brachial shunt for dialysis, (4) four patients owing to their critical condition, (5) four patients because of casts on their arm or leg due to bone fracture, (6) two patients owing to severe PAD and ankle blood pressure too low for examination of PWV and (7) two patients owing to lack of informed consent. We thus enrolled 165 patients (male 65%, age 66.9 ± 13.2 years) in this study. By stroke subtype, 12 of 72 (17%) patients with unknown etiology probably had aortogenic stroke. To prevent recurrence of stroke, antiplatelet agents were given to 10 patients whereas anticoagulation was carried out for only one patient with mobile plaque (data not shown).
Baseline characteristics ACL was observed in 63 of 165 (38%) patients on TEE examination. Table 1 shows the baseline characteristics of the 165 patients. Patients with ACL were older than those without it (73.0 ± 10.2 vs. 63.1 ± 13.6 years, P¼0.001). Smoking was more frequent in the ACL group than in the non-ACL group (59 vs. 42%, P¼0.046), and the Brinkman index of the ACL group patients was higher than that of non-ACL group patients (532 ± 622 vs. 344 ± 511, P¼0.026). There were no differences in other baseline characteristics, including vascular risk factors and past history between the ACL and non-ACL groups.
Markers of atherosclerosis
In the ACL group, IMT was greater than that in the non-ACL group (1.29 ± 0.74 vs. 1.11 ± 0.79 mm, P¼0.002), and PWV was higher than in the non-ACL group (2164.2 ± 643.2 vs. 1833.7 ± 492.9 cm s À1 , P¼0.001). There was no significant difference in ABI between the two groups (1.08 ± 0.12 vs. 1.11 ± 0.09, P¼0.087), but PAD (ABI o0.9) was more frequent in the ACL group than that in the non-ACL group (18 vs. 4%, P¼0.004). Patients whose CCA IMT was X1.0 mm were more frequent in the ACL than in the non-ACL group (46 vs. 26%, P¼0.004).
Laboratory data
The results of hematological examination of the 165 patients are shown in Table 2 . Serum creatinine in the ACL group was higher than that in the non-ACL group (1.2±2.2 vs. 0.8±0.5 mg dl À1 , P¼0.031), and fibrinogen was higher in the ACL group than in the non-ACL group (307.9 ± 75.6 vs. 286.7 ± 87.2 mg dl À1 , P¼0.035). However, there were no differences in other laboratory parameters between the two groups.
ACL scale score
The factors independently associated with the presence of ACL were age (odds ratio (OR): 4.5; 95% confidence interval (CI): 1.9-10.6; P¼0.001), smoking (OR: 3.5; 95% CI, 1.6-7.9, P¼0.003) and PAD (ABIo0.9) (OR: 6.0; 95% CI, 1.4-26.5, P¼0.017) ( Table 3) .
We chose these three variables to use for the ACL scale score. The scale included (1) over 70 years of age, (2) the presence of smoking and (3) the presence of PAD. If a patient was positive for a variable, we assigned 1 point, with a possible total of 3 points. We examined whether ACL scale score predicted the presence of ACL.
The relationship between ACL scale score and frequency of ACL is shown in Figure 1 . Frequencies of ACL for each scale score were as follows: 6% of patients with ACL scale score 0, 40% with score 1, 58% with score 2 and 100% with score 3. On the other hand, 94% of the patients with an ACL scale score of 0 did not have ACL. As ACL scale score became higher, ACL was more frequent in the present series.
DISCUSSION
In this study, univariate analysis showed that ACL was associated with age, smoking habit, carotid IMT, the presence of PAD and high PWV. We also found that ACL scale score, which includes age, smoking and the presence of PAD, can predict the presence of aortic complicated lesions in stroke patients.
In our study, carotid IMT was greater in the ACL group than in the non-ACL group. This finding is consistent with earlier reports that carotid atherosclerosis is associated with ACL in patients with ischemic cerebrovascular disease. 12, 15 Increased carotid IMT is generally recognized as an early marker of atherosclerosis. 17, 21, 22 We consider carotid IMT a good rough marker for use in evaluating the presence of ACL.
The baPWV value of patients with ACL (44.0 mm) was higher than that of those without it. This result accords with the finding of the Rotterdam Study that direct aortic PWV is strongly associated with the severity of plaque in the aorta. [23] [24] [25] A strong relationship between aortic PWV and baPWV has been reported. 14 Non-invasive measurement of baPWV thus appears to be more useful than direct PWV for evaluating ACL (44.0 mm).
In earlier studies of coronary artery disease (CAD), a large number of patients with PAD had already suffered CAD, but only 15% of patients with CAD had PAD. 26 In addition, 24% of patients with ACL Predictors of aortic complicated lesions Y Terasawa et al had PAD. 3 In the present study, PAD (ABIo0.9) was more frequent in the ACL group than in the non-ACL group (18 vs. 4%), whereas most patients (73%) with PAD had ACL. It thus appears that the aorta is more likely to be affected by atherosclerosis than peripheral arteries. The presence of PAD may indicate the terminal stage of systemic atherosclerosis. [27] [28] [29] On multivariate logistic regression analysis, the independent factors associated with ACL were age, smoking and the presence of PAD. Age and smoking were earlier reported to be risk factors for ACL. We devised an ACL scale score by adding the new predictor, presence of PAD, to the well-known risk factors, age and smoking. The ACL scale score produced from these three variables was useful for predicting the presence of ACL. Although ACL should be examined in patients with stroke of unknown etiology, it is difficult to perform TEE for all patients with acute stroke. The ACL scale score thus appears to be useful for predicting the presence of ACL as well as the choice of treatment for acute stroke.
We have usually administered anticoagulants for patients with mobile plaque and antiplatelet agents for those without it. Earlier studies reported a potential benefit of anticoagulation. 30, 31 On the other hand, Tunick et al. 32 found no significant benefit of anticoagulant or antiplatelet drugs for patients with ACL. A large prospective study is needed to determine which of these are better for patients with ACL.
Our study has some limitations. First, selection bias may have affected the rate of detection of ACL in our series, as we were unable to perform TEE for all stroke patients. Second, only four patients had an ACL scale score of 4. To confirm the accuracy of the ACL scale, examination with a larger sample size is needed.
In conclusion, age, carotid IMT, PWV and ABI all exhibited strong associations with ACL (44.0 mm) in stroke patients. An ACL scale composed of three variables, (1) over 70 years of age, (2) presence of PAD and (3) smoking, could predict the presence of ACL.
